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1. Sirfiidosis 
Presently, six different inborn diseases can be 
defined as siatidosis. The semiotogy o f  mucolipid¢sis 
I i  (LCell disease) is well known: the occurrence o f  
numerous cytoplasmic i~clusions Ln cultured fibre- 
blasts, the increase of  the activ_:ty of  several lysosomal 
hydrolases (except/3-#ucosidase nd acid pP.osphatase) 
in extracellular fluids contrasting with a decrease of  
",he same activities in cultured fibroblasts are the most  
significant elements of  diagnosis [1--3] _ An elevated 
excre~'on o f  urinary sialyl-oligosaccharides has been 
obs~ "eed [4,5] ,  with a total lack of  a-neuraminidase 
act~ 5.ty in leukocytes, while the other hydro!ase 
activities are normal [6] .  This defect o f  a-neuramini- 
dase activity has been also found in cultured fibroblasts 
[7,8],  but was not characteristic, in this case~ of  a 
pr ima~ defect, since the other hydrolases were Mso 
defective. This pr imary defect in 0~-neuraminidase i  
in good agreement with many other observations 
which have been made en mucolipidosis tI such as an 
increase o~ electron~gativity of  secreted hydrolases 
compared to intracellular or normal plasma hydrolases 
[9],  and failure o f  their uptab:e by different types of  
cells [10].  Recognition markets o f  secreted glyco- 
proteins, including acidic hydrolases, have been 
identified for different types of  tissues as galactose, 
N-acetylglucosamine or mannose [11-13] ,  and an 
ct-neuraminidase d ficiency might explain the abnormal 
Abbreviations: Na, _N-acetylneuramJnic a id; Gal, galactose; 
Man, mannose; GNAc, N-acetylglucosamine; fl- nde-GlcNase, 
/3-endo-_N-acetylglucosamirddase 
exocytosis o f  hydrolases in [CD fibroblasts by masking 
the recognition marker.  
Mucolipidosis I I i  can be considered as an attenuated 
form of  mucolipidosis H. A partial defect o f  l eukocyte  
a-neurarninidase activity (15% of  the normal value) 
and a moderate xcretion o f  urLnary st~yl-oligo- 
sacchafides ( lO--20-fold the normal level) were also 
characterized [14,15].  
Other known muco!ipidosis present quite different 
pathogenesis. Mucolipidosis I is characterized by a 
profoundly diminished activity ofa-neuraminidase 
and abnormal accumulation o f  sialic acid-containing 
compounds in cultured fibr0blasts [8] .  Nevertheless, 
the hydrolase activity abnormalit ies found in muco- 
lipidosis I[ and t[[ are here not  present. Structures o f  
sialyl-oligosaccharides accumulating ha urine have 
been described [16] and are identical to those o f  
mucoiipidosis H. 
Mucolipidosis W. (provisionally named by the 
in/tiM of  the patient) is very sh'nflar to mucotipidosis 
I, with additional renal Lnsufficiency [17].  An_ accu- 
mulation o f  urinary sialyl-oHgosacchafides and a total 
lack of  leukocyte a-neuramirfidase activity have 
been observed [4,5] .  
Patients De P. [ !8]  and N. (Gu~zA, Fedefico, 
Carlemagno, Michalski and Strecker) are adolescent 
and adults, without aignifieant syrnptomg, except 
cherry-red macular spot a~M m¢~derate neurological 
troubles. In these two "new" types o f  mucoliptdosis 
(which are probably attenuated forms of  mucoHpidosis 
I), a massive xcretion o f  uf ina~, sialyl-oligosaechafides 
has b~en observed and an ~x-neuraminidase deficiency 
was conf irmed for the two patients De P. [5,15].  
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Tab le  1 
~-Neuramia /dase  acfi--ity a in leukocytes  (nmol /h /mg prote /n )  
Subst ra te  
c~-AcNeu-(2-~6) - -R  c~-AcNeu-(2-~3)--R 
1_ Concent ra f io~ o f  subst r~te  
Nor rn~ sub jects  
20  nmol /200  u!  
0 .128- -0A88 
(0 .330;  V. = 30)  
n.d.  b 
Si~M'dosis A
MLP  H case no .  1 0 .00  n.d.  
case no .  2 0 .020  n.d.  
bILP IH 0 .045  n.d.  
Sial idosis B 
MLP  W. 0 .006  n.d.  
MLP De P. b ro ther  0 .036  n.d.  
s ister 0 .045  n.d.  
2. Concent ra t ion  o f  subst ra te  400  nmol /200  ~I  320 rmlo l /200  u l  
Norrnal  sub jects  13 .77- -29 .60  8 .00-12 .90  
(19 .60 ;n  = 12) (12A0;n  = 12) 
SiMidosis A 
MLP  H case no .  3 2.~)0 1.60 
case no .  4 0.,32 2.45 
$i~lidosis B 
MLP  W. O.BO 9.$2 
MLP  I case no .  i O. 00 IO.SO 
a Al l  the  o ther  hydro lase  act iv/f fes are qormal  or  s lowly  increased,  except  
3-galaetos idase (15% o f  the  normal  va lue for  MLP  ease no .  1) 
b n .d .  not  determ/rmd 
Tab le  2 
~-Neuramhf idase  acf iv /W ~ cu l tu red  f ib re  b lasts  (n rao l /h fmg prote in )  
Subst ra te  
c~_-AcNeu-(2~6)--R a-AcNeu-(2- -~3)- -R 
Concent ra t /on  o f  subst ra te  20 nmol ]200  t~l 40  n inon/200 t~l 
Cont ro l  I 0 .436  0 .339 
Cont ro l  2 0 .835  0 .668 
S/al/dos/s B a 
MLP  De P. (b ro ther )  0 .020  0 .267 
MLP  ! (ease no.  2) 0 .00  0 .507 
a AU the  other, hydro lase  acfiv/-des a.re normal  or  s lowly  increased 
21  
Volume 85, number L FEBS LETFERS January 1978 
From a b iocher~c~ point of  view, these six types 
o f  sialidos:,s c~n be: divided into two classes: sialidos]s 
type A, (mucotipidosis lI and IH) with an o~-neur -  
aminidase defect, a moderate xcretion o f  urinary 
sialyl-o!igosaccharides (!0--20-f~-ld the normal value 
for mucolipidosis ~H and 40--120-fold for mueolip~- 
dosis ll) and a leakage of  lysosomal hydrolases into 
extracellular fluids; ~ idos i s  type B, (mucolip]dn~s 
I, W. De P. and N.) with an a-neuraminidase d fect 
mad massive xcretion of  urinary sialyl-otigosaccharides 
(500--1000-fold the norm~d value), but without 
lysosomal hydrolase ×oc~,tosis. On the other hand, it 
is interesting to note [5] that the acc,:mulated 
compounds show a ratio o~'a-(2-->6) to a-(2-~3)-sialyl 
linkages of  I for siai~dosis A and o f  10--30 for 
siaiidosis 13. 
2. E~azymafie studies 
All the above facts can be explained by the hypo- 
thesis that sia!idosis A is due to a defect o f  both 
c~-(2-~3) and ~-(2-~6) neuraminidase activities, while 
siai~dos~s B is on ly  characterized by the sLr~gle defect 
o f  c~-(2~6) neuraminidase activity. 
In order to verify this hypothesis, we determined 
the ce-neuram~nidase ctivities using as natura! 
substrates two si~yl-oligosaccharides isolated from 
the urine o f  the patients. After reduction with 
tr~tiated potassium borohydr~de, their formulae were 
as follows: 
c~-AcNeu-(2-->6)-~-GM-(!-+4)--/~-G',cNAc-(1-~2)-0~- 
Man-(l~3)-#-Man-(l-~4)-GlcNAcqtol-l-SH and 
t~-AcNeu-(2-~3)--B-Ga!-(1--,'4)--B-GlcNAc-(I~2)--c~- 
Man-(1-->3)--~3-Man-(1--~4) G!cNAc-itol- [ -~ H. 
The neuraminidase activity was determined according 
to the procedure described [6]. The results we 
obtained (tables I and 2) confirm the hypothes~s o f  a 
specific defect ofo~-(2~6) neurarninidase in the case o f  
sial~dosis B. 
~2,~ 
2,,6/~:Z,3 = 1 
IJ~A2,3 
ece,2p - _ .~ . ,dC~-~. .~_Ga | 
Ga! J 
SeALeCOS~ TYP~ A S|AL|~¢S TY~:~ B 
L~NzY~~3~A 
Fig. 1. Catabolism of ~ycoprotehas and packa~ng ot tysosoma! hydrolases in sialidosis A and ~. 
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3. Discuss ion 
I t  has been recent ly  shown that  p lasma hydro lases  
are normal ly  s iMylated (except  for ~-glucosidase,  B- 
xy los idase  and acid phosphatase)  in cont ras t  o  l iver 
hydro lases  [19] .  I t  has been also shown that  the release 
o f  on ly  two sialyl  residues on the twelve present  in 
ceruleoplasmkn was suf f ic ient  to  result  in endocytos i s  
o f  the g lycoprote in  [11 ] .  In  v iew o f  these facts,  we 
propose  a scheme ( r igA)  wh ich  might  exp la in  the d ig  
ferent ia l  e t io logy  o f  the two types  o f  s ial idosis.  The 
broken  l ine ( - I k~) ind icates  the fa i lure o f  hydro lase  
packag ing  which  characterizes sial idosis A.  In the  case 
o f  sial idosis B, a single defect  o f  ~-(2-+6) neuram~nidase 
act iv i ty  a l lows a normal  uptake  o f  i ysosomal  hydro -  
lases. The moderate  excret ion  o f  s ia lyt-oHgosacchar ides 
ha the case of sialidos~s A is probably due to the 
s lackening o f  g !ycoprote in  endocytos i s  (dot ted  l ine,  
rigA). 
I t  has been also found that  des iMylat ion o f  ICD-  
excreted /%hexosamin idase  w i th  Clostr idium :7er- 
fi, ingens neuramin idase  d id  not  enhance enzyme 
uptake  by/~-hexosamin idase-def ic ient ,  noa- [CD cells 
[20] .  However ,  Ul l r ieh and yon F igura  [2 l l  found 
that  endocytos i s  o f  a-  and/~-N-acety lg lucosamin idase 
by  human sk in f ibroblasts  was inh ib i ted  by  D-mannose  
and L-fucose and that of/Lglucuronidase by maanose. 
These facts do not  conf i rm the  hypgthes is  o f  a 
masMng o f  recngni t ibn  markers  due to a pr imary  
defect  in ce-neuraminidase, since g!ycoprote ins ,  and 
probab ly  hydro lases ,  possess this common termina l  
s t ructure:  
~-AcNeu- (2~3/6) - -~-Ga l - ( lo4) - - /~-G lcNAc- (1 -~2/4 /  
6)- -~-Man-~R. 
The des ia ly lat ion o f  excreted  hydro lases  cou ld  not  
restore their  endocyt0s~s,  in the case of  cu l tured  
f ibroblasts .  
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